UNIVERSITY OF NEW ENGLAND 


University of NAME: 
New England : 
STUDENT NUMBER: 


UNIT CODE: MTHS130 

PAPER TITLE: Calculus and Linear Algebra 2 

PAPER NUMBER: First and Only 

DATE: Friday 12 October 2018 TIME: 9:15 AM TO 11:30 AM 
TIME ALLOWED: = 2 hours and 15 minutes 

NUMBER OF PAGES IN PAPER: _ THREE (3) 

NUMBER OF QUESTIONS ON PAPER: _ FIVE (5) 

NUMBER OF QUESTIONS TO BE ANSWERED: FIVE (5) 


STATIONERY | 2 | 6 PAGE ANSWER BOOKS | 0 GENERAL PURPOSE ANSWER SHEET 
PER 


CANDIDATE: | 0 GRAPH PAPER SHEETS ) 0 GEOLOGY SAMPLES 


OTHER AIDS REQUIRED: NONE 
CALCULATORS: PERMITTED (APPROVED MODELS ONLY) 


TEXTBOOKS OR NOTES: THREE (3) A4 SHEETS OF HANDWRITTEN 
DOUBLE SIDED NOTES (6 PAGES); NO PHOTOCOPIES; NO PRINTED OR 
SCANNED NOTES ARE PERMITTED 
INSTRUCTIONS FOR CANDIDATES: 

e Candidates MAY NOT start writing until instructed to do so by the supervisor 


e Please pay attention to the announcements and read all instructions carefully before 
commencing the paper 


e Candidates MUST write their name and student number on the top of this page 
e Answer all questions 
e Questions are of equal value 


e This examination paper MUST BE HANDED IN along with all supplied stationery. 
Failure to do so will result in the cancellation of all marks for this examination 


REMEMBER TO WRITE YOUR NAME AND STUDENT NUMBER AT THE TOP OF THIS PAGE 


THE UNIVERSITY CONSIDERS IMPROPER CONDUCT IN EXAMINATIONS TO BE A SERIOUS OFFENCE. 
PENALTIES FOR CHEATING ARE EXCLUSION FROM THE UNIVERSITY FOR ONE YEAR AND/OR CANCELLATION 
OF ANY CREDIT RECEIVED IN THE EXAMINATION FOR THAT UNIT. 


MTHS130 Trimester 2 2018 


Question 1 [20 marks} 
Consider a Leslie model of a population with three age groups, 0-1 year, 1-2 years, and 
2-3 years. Assume that the fecundity rates of the first and second age group are 0 and the 
fecundity rate of the third age group is 72. The survival rate from the first to the second 
age group is 75% and the survival rate from the second to the third age group is 50%. 


(a) Write out the Leslie matrix L for this model. 


(b) Find the inverse matrix of L and hence determine the population vector one year ago 
if the current population consists of (72,18,3) individuals in the first, second and 


third age group. 
(c) Find the real eigenvalue and the corresponding eigenvector of L. 


(d) Does the population become extinct, stay steady or grow? Justify your answer. 


Question 2 [20 marks} 


(a) Show that the function f(x) = /1— 2 has the Maclaurin series )>~° 9 nz”, where 


-- (2n — 3) 
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(b) Find the radius of convergence of the Maclaurin series above. 


(c) Use the second order Maclaurin polynomial to compute an approximation of /3 and 
hence for V3. 


(d) Use the corresponding remainder term on the interval [—3,0] to estimate the error 


of the approximation found in part (c). 


Question 3 [20 marks} 


(a) Sketch the region bounded by the polar curve r = Vcos 20, for 6 € [0,4], and the 


14 
X-axis. 


(b) Compute the area of the region from part (a). 
(c) Compute the arc-length of the curve y = x°/?, where 0 < a < 1. 
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Question 4 [20 marks| 
(a) Solve the differential equation 
y'(x) — y(x) +10 = 0 
subject to the initial condition y(0) = 10 and check your answer. 
(b) Solve the differential equation 


y (s) =gian 2. 


Question 5 [20 marks} 


The differential equation 
x" (t) + 4n°w?x(t) = f(t) 
models an harmonic oscillator with frequency w fed by an external force f(t). 
(a) Solve the differential equation above, assuming that w = 1/m and f(t) = 0.1 sin 2t. 
(b) Find the particular solution subject to the initial conditions x(0) = 0, x’(0) = —0.005. 


(c) Show that the solution found in part (b) is unbounded. Explain the phenomenon of 


resonance. 
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